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FOREWORD

This inventory documents information that characterizes Blue Spring Lake and its watershed. It is intended
to serve as a resource to lake managers and stewards as they make decisions to protect and improve the
lake’s quality. It should be especially useful for the development of a long range, lake management plan.

Such a plan will require a great deal of additional thought and input from the wide spectrum of people
interested in the lake. Combining that input with this inventory will form a sound basis for a
comprehensive Blue Spring Lake management plan.

The report is written primarily for people interested in knowing how Blue Spring Lake works. The
information is inherently quantitative and often very technical. Unfortunately, not all readers will have the
same depth of interest nor the same technical background to appreciate the data. Because many of the
measurements were new to Blue Spring Lake, details of the methodology are presented in order to validate
the data and to enable comparative measurements to be made in the future. Those not interested in such
detail may want to skim these sections.

For readers less familiar with technical issues, I have tried, in some places, to introduce or explain basic
concepts. Readers needing more background information can refer to the many monographs that do a good
job of introducing people to the technical aspects of lake ecology. These include: "Life on the Edge...
Owning Waterfront Property,” by M. D. Dresen and R. M. Korth, University of Wisconsin - Extension,
Madison, WI (1994); “Lake Smarts,” by S. McComas, Terrene Institute, Washington, D.C. (1993);
"Volunteer Lake Monitoring: A Methods Manual," by J. T. Simpson, Environmental Protection Agency,
EPA 440/4-91-002, Washington, DC (1991); and "Understanding Lake Data," by Byron Shaw, et al,
University of Wisconsin - Extension, Report No. G3582, Madison, W1 (1993). To help those that have an
interest, the monograph "Understanding Lake Data," is included at the end of this report. For most readers,
it is suggested that this excellent booklet be read first, before examining Blue Spring Lake's specific data.

Thanks to these authors and to the UWEX for permission to use the booklet here.
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SUMMARY

In 1994, the Blue Spring Lake Ecology Committee
conducted an inventory of Blue Spring Lake with the
help of a $13,333 Wisconsin Lake Management
Planning Grant. This inventory characterizes many
of the lake's physical, chemical, and biological
properties. Collecting this information is a
prerequisite for developing a comprehensive lake
management plan. Conducting the inventory was in
keeping with the Ecology Committee's charge to
develop a better understanding of the lake and to
make proposals for improving its quality. The
Ecology Committee is supported by the community
surrounding the lake through their organizations — the
Blue Spring Lake Association and the Blue Spring
Lake Management District. The grant application
and partial funding was sponsored by the Blue Spring
Lake Sanitary District which has since been
converted to the Lake Management District.

INVENTORY PURPOSE AND OBJECTIVES

Aspects of the lake considered to be in the greatest
need of improvement were the excessive growth of
aquatic plants, and poor water clarity.  The
inventory, therefore, focused on developing
information that could lend insight into these
problems. The objectives of the inventory were to:

« characterize the lake's watershed and land uses

« characterize all water flows to and from the lake

« characterize the lake water quality and sources of
nutrients

« characterize the lake's sediment

METHODS USED

Professional consultants were hired to make critical
measurements and to apply their knowledge of other
lakes to Blue Spring Lake. However, most of this
inventory was completed by extensive studies of the
Ecology Committee using the professional resources
of public organizations such as the University of
Wisconsin, the Department of Natural Resources, the
UW-Extension Service, and the United States
Geological Survey.

Historical records of the lake, particularly physical
property measurements, were compiled before
beginning the inventory. The watershed boundaries
were defined using topographic maps, aerial
photographs, and field surveys. Water flow
measurements were made on and around the lake,
two to three times a week, from March to November
1994, with more frequent measurements made during
rain storms. Rainfall on the lake was monitored daily
and the responses of the lake level and stream flows
to the rainfall were determined. Physical and
chemical properties of the lake water and inflowing
streams were monitored from April 1994 to February
1995. Sediment characterization was done using
probes, a core sampler, and a floating platform
designed, constructed, and operated by the Ecology
Committee. All laboratory analyses of water and
sediment samples were done by the State Laboratory
of Hygiene.

RESULTS
Lake and Watershed

Blue Spring Lake is a 137-acre lake, has a 12-foot
maximum depth, a 7-foot mean depth, and is located
at the base of an interlobate glacial morame. It was
formed in 1929 by damming the outflow of a large
natural spring that is still its primary source of water.
It sits in an 880-acre watershed and has only one
small inlet stream that passes through a 30-acre
marsh before entering the lake. About 90% of the
watershed soils have a high permeability to rainfall,
draining water rapidly and reducing the potential for
surface runoff. The watershed comprises 28%
woodlands, 21% agricultural, 21% residential (14%
medium density and 7% low density), 16% lake
surface, and 14% split primarily between open grass
lands and wetlands.

The 2.5 mile lakeshore is completely developed with
152 riparian homes. A total of 198 homes lie within
1000 feet of the water. All these homes have been
sewered since 1990. About 30% of homeowners use
lawn fertilizers. Homeowners value boating/skiing as
much as lake aesthetics and about 100 power boats
were kept on the .lake in 1994; average horsepower



was 143. More than 450 boats of all types were kept

on the lake that year.

Table S-1

BLUE SPRING LAKE AND
WATERSHED CHARACTERISTICS

&3 S0 H : e

LAKE

Surface Area 137 acre
Maximum Length 0.80 mile
Maximum Width 0.39 mile
Shorelength 2.42 mile
Maximum Depth 12 feet
Mean Depth 7 feet
Volume 41,800,000 ft*
Main Water Source Springs
Turnover Rate 110 days
WATERSHED

Surface Area 878 acre.
Watershed/Lake Ratio 6.4

Soil Hydrology Types

Well drained with

low runoff potential

Percent Area Use:

Woodlands 28%
Agricuftural 21%
Residential 21%
Lake Surface 16%
Open 9%
Wetland 4%

The lake has high populations of bluegill and
largemouth bass that are somewhat stunted in size.
In the late 70's the lake was treated with rotenone to
remove over 85,000 lbs of carp and then restocked
with game fish. Following the carp removal, aquatic
plant growth flourished to nuisance proportions, with
Eurasian water milfoil dominating.

Harvesting has been a full time activity since 1980
and about 1600 tons of plants are removed in a
typical year. In 1993, use of 2,4-D herbicide on
about 10% of the lake's surface area resulted in the
near eradication of Eurasian water milfoil over the
entire lake. This resulted in an increase in native
plant species, a greatly improved recreation
environment, and a large savings in harvesting cost
with less than 70 tons of plants needing removal
during 1994. However, an increase in the frequency

of algal blooms has occurred since the reduction in
rooted plants.

Water Flows

On an annual basis, the lake receives 75% of its
water from natural springs which is equivalent to 3.6
cfs (cubic feet per second) or 2,300,000 gal/day.
Eleven percent of its water comes from rain falling
directly onto the lake, 9% from seepage of rainfall
through the ground, and only 5% from surface
runoff. About 90% of the lake's outflow goes over
the dam at an average annual rate of 4.3 cfs or
2,800,000 gal/day. The remaining 10% is lost via
evaporation.  The lake's turnover rate is 3.3
times/year which means that every 110 days, a
volume of water flows into the lake that is equal to
the entire lake volume. The flow rate of the natural
springs appears to be fairly constant year round and
the total water flow through the lake appears to be no
less than that measured 24 years ago.

The response of the lake level and stream flow rates
to rainfall events confirmed that little surface runoff
results from the highly permeable soils of the
watershed. Only 8% of all the rain falling on the
agricultural sub-watershed east of the lake, was
measured to reach the lake via surface flow through
the marsh. This represents less than 3% of the total
annual water supply to the lake. Most of the
remainder of the rainfall filters through the ground to
the water table, some of which may then enter the
lake as groundwater seepage. The lake level was
very constant and did not increase more than 2.5
inches, even after substantial rainfalls of almost 3
inches in 24 hours. All these measurements indicate
that Blue Spring Lake receives very low inputs of
storm water runoff that could be rich in nutrients and
pollutants.

Water Quality

The average summertime phosphorus level in the
surface water of Blue Spring Lake is 0.020 mg/L of
Total-P. This is relatively low for a lake in
Wisconsin's southeast region. Chlorophyll-a concen-
trations, an indicator of algae, and water clarity were
on the normal to poor side for this region. About



Table S-2

ANNUAL WATER BUDGET FOR BLUE SPRING LAKE

Inflows
Springs & Deep Ground Water 227.6 3.59 75%
Direct Rainfall on Lake 32.4 0.51 11%
Surface Runoff from:
Agri. lands & marsh (Inlet) 8.3 0.13 3%
Residential & other lands 8.3 0.13 3%
Seepage of Rainfall into Lake 26.8 0.42 9%
Total Inflow 303.4 4.79 100%
Outflows
Dam Outlet 274.0 4.33 90% |
Evaporation , | 29.4 0.46 10%
Total Outflow | 303.4 4.79 100%

— "L—inch" is the volume of water that would add 1 inch to the lake’s level.

2 — "cfs" is cubic feet per second.

80% of all Wisconsin lakes have better water clarity
than Blue Spring Lake. The relationship between
these properties suggests that much of the poor water
clarity may be due to resuspended sediment rather
than algal growth.

‘ Table $-3
BLUE SPRING LAKE WATER QUALITY

£ S A
Secchi Depth (ft) 3.9
Chlorophyll—a, (ug/L) 12
Total—P, (mg/L)° 0.020
Total—N, (mg/L) 1.08
pH 8.6
Chloride, (mg/L) 8
Alkalinity, (mg/L) 201 |||
Calcium, (mg/L) 38|
Magnesium, (mg/L) 32

* — Averages for summer samples
® — Surface samples only.

The shallow lake is well mixed with little difference
in temperature Or oxygen concentrations between
surface measurements and measurements at one foot
from the bottom. However, Total-P concentration
was 50% greater, on average, near the bottom than at
the surface and may be indicative of disturbed
sediment. The lake was well oxygenated from spring
through winter, usually near saturated levels and
frequently supersaturated.

Properties of Blue Spring Lake water are dominated
by the properties of the spring water feeding the lake.
The water is very rich in minerals, particularly
calcium and magnesium.  These minerals can
precipitate as carbonates in the lake which has the
beneficial effect of also adsorbing some of the
phosphorus from the water column. The lake has a
very high alkalinity and a pH of about 8.6. The
nitrate content of the spring water is also very high at
about 5 mg/L. and provides a substantial supply of
this nutrient for plant growth.  The nitrogen/
phosphorus ratio in the water column is greater than



50 and suggests phosphorus is much more likely to
be the limiting nutrient for algal growth.

Table S-4
BLUE SPRING LAKE PHOSPHORUS LOADING
- e
Inflows
Natural Springs 100 39%
'Surface Runoff 70 27%
| Atmospheric 40 16%
'Marsh Effluent 20 8%
Seepage of Rainfall 20 8%
Homeowner Activities 5 2%
Total 255| 100%
Outflows
Over Dam 160 14%
Harvesting 960 86%
Total 1120] 100%

The calculated annual phosphorus loading to the lake
is quite small and estimated to be about 250 lbs/year.
In fact, the harvesting operations on the lake remove
almost four times the amount of phosphorus that goes
into the lake. The greatest source of phosphorus
(39%) is the natural springs which have a low
concentration (0.014 mg/L), but a very high volume.
Phosphorus contained in surface runoff from riparian
and near shore lands was estimated to be the next
highest contributor at 27%, while contributions from
the atmosphere (dust, rainfall, leaves, pollen, etc.) are
estimated at 16%. Effluent from the marsh, which
drains the sub-watershed containing all the
agricultural lands, is high in phosphorus content, but
has such a low volume as to only contribute about
8% of the total loading. Contributions from
homeowner activities such as lawn fertilizing and
construction amounted to only 2% combined.

The phosphorus concentration in the lake water today
is only one-third the concentration it was 17 years
ago. This improvement is primarily the result of
having eliminated the high carp population with some

contribution probably coming from the sewer
installation. Chloride concentration in the lake today
is almost twice the concentration of 17 years ago and
probably reflects the high use of road salt in
southeast Wisconsin.

Sediments

Soft sediments at the bottom of Blue Spring Lake
were found to vary in thickness from 1.7 feet to over
10 feet, and averaged 3.6 feet. This amounts to
about 700,000 cubic yards of matenal. Unlike many
lakes, the thickness did not increase with increasing
water depths. The nature of the sediment also varied
widely, with black muck being predominant, but also
including sand, gravel, gray marl, green clay, and
brown, fibrous, spongy peat.

Table S-5

BLUE SPRING LAKE
SOFT SEDIMENT PROPERTIES

Thickness, (feet) 3.9 1.7 >10.1
Moisture Content, (wt%) 67 28 88
Dry Density, (g/mL) 0.5 0.1 1.4
Organic Content. (Wt%) 12 -1 47
NH,—N, (mg/kg, dry) 38 2 180
Total—P, (mg/kg, dry) 520 50 1500

! — Based on 26 sample sites

The organic content of the dried sediment varied from
1 wt% to 47 wt%, and averaged 12 wt%. Other
properties correlated well with the sediment's organic
content; as the organic content increased, the
phosphorus  (Total-P) and ammonia-nitrogen
concentrations also increased. Sediment samples
containing higher organic content also retained more
moisture and showed lower densities.

The phosphorus content in the top four inches of
sediment, considered the root zone of most aquatic
plants, is about 500 mg/kg, which is not uncommon
for southeast Wisconsin lakes. However, this is an
enormous supply of the one plant nutrient that is
most capable of limiting aquatic plant growth. At
these concentrations, little limitation occurs. While
harvesting aquatic plants essentially mines



phosphorus from the sediment, with a typical removal
rate approaching 1000 lbs/year of phosphorus from
Blue Spring Lake, this annual reduction is quite small
compared to the 300,000 lbs of phosphorus estimated
to be present. Reducing the phosphorus content in
only the top few inches of sediment by harvesting
would probably take decades to have a noticeable
effect on aquatic plant productivity.

Water lying within the sediment is also rich in
phosphorus and ammonia nutrients. Disturbing the
sediment can release these nutrients to the water
column and promote algal growth. In addition, the
finer sediment particles, also rich in nutrients, are
slow to settle out after disturbance and can serve as
additional sites for algae. Sediment disturbances are
more likely to occur in the absence of rooted aquatic
plants, which tend to hold the soils together and to
shield 1t from turbulence caused by wind, waves, and
boating.

CONCLUSIONS

This inventory was successful in developing
knowledge about the physical and chemical
properties of Blue Spring Lake and its watershed.
This data should be useful in monitoring long term
changes and in assessing the value of management
programs to improve the quality of the lake.

While the inventory compared and categorized Blue
Spring Lake with other lakes, it has shown perhaps
most clearly, that Blue Spring Lake, like almost all
lakes, is unique. There are so many properties that
define a lake, that simple comparisons, based on only
a few properties are inadequate. And this inventory
has not even touched on many other important
characteristics such as the lake's phytoplankton and
zooplankton communities, it's benthic communities,
its fungi, insects, invertabrae, crustaceans,
amphibians, waterfowl and other wildlife habituating
in and around the lake. Considering all the possible
variations, there can be no other lake exactly like
Blue Spring Lake.

Blue Spring Lake has many positive natural
characteristics that contribute to its meeting its users'
quality standards; i.e., suitable for full-body-contact

recreational use while maintaining healthy, balanced,
and diverse biological communities. These include:

« A small watershed, only 6.4 times the lake's
surface area.

+ Permeable watershed soils, resulting 1n low storm
water runoff.

« Only one small inlet stream, comprising less than
3% of all inflows.

« Large spring water inputs, providing 75% of all
inflowing water.

o A high flushing rate — 110 days for turnover.

« A constant lake level, varying less than 2.5 inches
even after heavy rains.

» Very low nutrient and pollution loadings from
watershed land uses.

o A well-mixed and well-oxygenated lake,
frequently supersaturated in oxygen.

« High alkalinity which buffers the lake from acid
rain and other pollutants.

« Available nutrients to support biotic communities.

o A productive fishery, with large populations of
bluegills and largemouth bass.

« An increasingly diverse aquatic plant community.

A most important positive characteristic of Blue
Spring Lake is its well-organized and supportive
homeowner community.  This community has
provided much money and many volunteers for the
last 45 years in efforts to maintain and improve the
quality of the lake. It has:

« restored the fishery and plant community by
eliminating carp,

. managed nuisance plant growth through
harvesting and herbicide treatments,

« eliminated any wastewater pollution of the lake by
sewering the entire community,

« reduced Eurasian water milfoil dominance and
increased the diversity of aquatic plants, and

« supported an Ecology Committee charged with
increasing the knowledge of the lake.

Attributes of the lake that stand in the way of
reaching user quality goals are:

« Shallowness. Even the deepest part of the lake
still receives sunlight enabling plant growth.
While some growth is desirable, excessive growth



has prevailed and has interfered with recreational
uses and the balance and diversity of the lake's
biotic community.

« Fine-textured, nutrient-rich sediments. While
nutrients are desirable for biotic communities, the
high levels in Blue Spring Lake augment the
nuisance growth levels of aquatic plants.

e Disturbed sediments. The fine sediments are
easily disturbed, adding nutrients to the water
column which then support algal growth.

« Overuse. The high level of development on the
lake and the intensity of power boating reduce
recreational opportunities at times. Sediment is
frequently disturbed from activities such as
boating, harvesting, and shoreline raking. This
not only adds nutrients to the water column, but
also provides areas of open sediment which are
easily invaded by exotic plants such as Eurasian
water milfoil or curly leaf pondweed.

RECOMMENDATIONS

The purpose of this inventory was to develop a better
understanding of how Blue Spring Lake works in
order to have that knowledge available for
development of a lake management plan. The
primary recommendation then, is to now take that
next step and initiate the development of a long range
plan for maintaining or improving the quality of the
lake. A good example of procedures to follow in
developing such a plan can be found in the UWEX
publication,"A Model Lake Plan for a Local
Community."

Specific recommendations that may be considered for
incorporating into the plan include:

Aquatic Plant Management

Rooted Plants - The current strategy of fostering the
growth of native species while eliminating Eurasian
water mulfoil infestations should continue to be used.
The concept of a "weed free" lake is not compatible
with the characteristics of Blue Spring Lake nor with
the concept of a healthy, balanced biotic community.
The objective of the current strategy is to replace the

fast-growing, domineering, recreation-inhibiting
Eurasian water milfoil with native species that grow
slower and lower in the water such as chara and wild
celery. If successful, the lake will develop a more
diverse plant community but without widespread
interference with recreational uses. Principle
methods recommended for achieving this objective
are to:

« Stop the complete removal of native species by
such methods as raking, dragging, harvesting
with the cutting blade below the sediment surface,
and power boating in shallow waters.

« Use 2,4-D herbicide for spot treatments to
systemically eliminate dense stands of Eurasian
water milfoil. Most native species are not
affected by this selective herbicide.

« Only monitor scattered milfoil plants growing
amongst native species; the native species
frequently can compete with the milfoil preventing
it from becoming dominant.

« Continue harvesting excessive plant growths as
this not only provides immediate relief from the
nuisance, but also removes phosphorus from the
lake.

Algae - An inventory and monitoring of the plankton
communities is recommended using professional help
and should be initiated as soon as possible. This is
especially so in view of the severe algal blooms that
occurred on the lake during 1994. A better
understanding of the types and behaviors of the alga
and other plankton present in Blue Spring Lake is
needed in order to develop controls for establishing a
more desirable biological balance in the lake.

Efforts to minimize sediment disturbances are
recommended and should help reduce the likelihood
of algal blooms. Disturbed sediment adds nutrients
to the water column and promotes algal growth.
Also, success in establishing more complete coverage
of the sediment with native plants than what exists
today, will help shield the fine sediment from the
turbulence created by wind, waves, and boating
activities.



Water Quality Improvement

Intense monitoring of water clarity during the spring
is recommended and should include specific
identification of matter responsible for the major loss
in clarity that typically occurs at that time. This
should lead to a better understanding of the clarity
loss and to controls that can prevent it.

While land uses and homeowner practices in the
watershed are not the cause of significant nutrient or
pollution loadings to the lake, they should not be
ignored as they could become more serious problems
in the future. To this end management should:

« develop a process for encouraging homeowners to
test their soils for nutrient needs before fertilizing
and to discourage excessive fertilization

« work with local governments and local contractors
to enact ordinances prescribing construction
practices that protect the lake from construction
site runoff.

Monitoring

The condition of the lake should be monitored on a
frequent basis in order to be on top of changes that
are occurring and to evaluate the success or failure of
management practices. The following are suggested:

« Monitor water quality as measured by the DNR's
Trophic State Index (TSI) program. Blue Spring
Lake is currently enrolled in this program in
which a volunteer measures or samples the lake
for clarity, phosphorus, and chlorophyll-a five
times a season.

« Monitor aquatic plant species, their distributions
and densities. Harvester operators, who are on
the lake almost daily and in close contact with the
lake's aquatic plants are ideal candidates to be
trained in species identification and to conduct
this monitoring activity.

» Monitor plankton, which form an important part
of the lake's ecology and of the balance within the
food chain. Frequency to be determined by
professional help.

« Monitor the fishery, also an important part of the
overall balance. Monitoring is necessary for
manipulating that balance through fish stocking
activities. A once-a-year electroshocking survey
by the DNR is desirable.

« Monitor the impact of unusual events such as very
heavy rain storms or heavy lake use on holiday
weekends. Water clarity, flow rates, and nutrient
content in the lake and in inflowing waters should
be determined to confirm conclusions drawn in
this inventory.

o Monitor community attitudes and practices that
impact the quality of Blue Spring Lake. Surveys
conducted every two to three years are
recommended.

Feasibility Study on Sediment Removal

If the above recommended strategy for rooted plant
and algae control is not successful in eliminating
nuisance plant and algal growths, the feasibility of
sediment removal should be studied. While a cursory
treatment in this inventory indicated extremely high
costs, there are many positive attributes to the
method, and a more thorough study is menited. The
knowledge and actual sediment samples obtained in
this inventory should prove useful in evaluating
sediment removal projects.



In 1993, the Blue Spring Lake Ecology Committee
recognized the need for a better understanding of the
lake and of factors affecting the condition of the lake.
With support of the Blue Spring Lake Association
and sponsorship of the Blue Spring Lake Sanitary
District, the Committee applied for and received a
Wisconsin Lake Management Planning Grant of
$10,000 to carry out a $13,333 study of the lake.
The Blue Spring Lake Sanitary District, which was
converted to a Lake Management District in
September 1994, provided the additional $3,333
necessary to complete the study.

The purpose of this work was to provide an inventory
of knowledge about the lake. This knowledge should
serve as the basis for developing future lake
management plans. With factual knowledge of the
lake and an understanding of how external activities
impact the lake, better management plans can be
developed. By using the information presented in this
study, it is hoped that management decisions will be
made that will not only resolve current problems, but
will avoid future problems as well.

Lakes are very complex and a single study such as
this is not sufficient to develop a complete
understanding of Blue Spring Lake. Therefore, this
work did not try to be comprehensive, but instead,
focused on generating knowledge that could address
the needs most important to today's lake users. These
needs are:

» to significantly reduce the excess, nuisance
growth levels of both rooted aquatic plants and
algae, and

« to ensure good water quality for both full-body
contact recreational use and for supporting a
healthy population of fish and native aquatic
plants.

This study of Blue Spring Lake fell into four distinct
but interrelated categories, each important to
understanding how the lake works and lending insight

into the causes of its excessive aquatic plant growth.
The four categories studied were the lake’s
watershed, water flow rates, water quality, and
bottom sediment. Characterization of the watershed
was done because the amounts of water, nutrients,
and pollutants that run off the watershed and into the
lake depend on watershed properties and on how the
land is used. The flows of water to and from the lake
are also important for determining the total amount of
nutrients that are contained in the different streams.
Quantitative flow measurements also indicate how
frequently the lake is flushed with fresh water.
Measurements of water quality and nutrient content
in the lake and in inflowing streams were done to
quantify the input of nutrients that are critical for
plant growth. Finally, characterization of the bottom
sediment was done because the sediment provides the
support and much of the nutrients needed for rooted
aquatic plant growth.

To summarize, the specific work undertaken was to:

« Characterize the lake's watershed and land uses in
the watershed.

« Identify all sources and amounts of water flowing
into and out of the lake.

o Characterize the lake's water quality and its
seasonal and event related vanations.

o Identify sources and amounts of nutrients that go
into the lake and contribute to excessive aquatic
plant growth.

o Characterize the nature of the bottom sediments.
that support rooted aquatic plants.

In approaching this work, an effort was made to
maximize the information generated given the limited
amount of money available. These efforts included:

« Making use of existing knowledge and not re-
discovering it. For example: using water quality
data generated in other studies or programs;
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using aquatic plant surveys done by the DNR;
and using existing community surveys of lake
user needs.

Focusing primarily on the information needed to
develop an understanding of the lake’s major
problem -- excess growth of aquatic plants and
algae to nuisance levels.

Using trained volunteers for sample collection
and on-lake monitoring, unless special equipment
and skills were needed.

Using consultants to assess information needs
and to aid in the development of experimental
designs and in the interpretation of data. They
were intended to be used as consultants and not
for managing and executing the overall project.
Most of this inventory was completed by
extensive studies of the Blue Spring Lake
Ecology Committee using the professional
resources of public organization such as the
University of Wisconsin, the Department of
Natural Resources, the UW-Extension Service,
and the United States Geological Survey.



Many properties are used to characterize a lake, such
as its surface area, depth, water flows, and the types
of fish, plants, and other biota in the water itself.
The quality of a lake is also affected by its watershed
~ the land at higher elevations surrounding a lake that
can drain water into the lake. Watershed properties,
such as its relative size, soil types, slopes, and how
the land is used, all impact the lake. In this chapter
we will characterize these properties of both Blue
Spring Lake and its watershed.

LOCATION

Figure 2-1 shows the location of Blue Spring Lake at
the southeast corner of Jefferson County, Wisconsin,
in the Town of Palmyra. Figure 2-2 shows a portion
of the USGS 7.5 Minute Series Topographic Map for
the region. The lake is located at the base of an
interlobate moraine formed by the Green Bay and
Lake Michigan lobes during the Wisconsin glaciation
about 14,000 years ago.

Fig. 2-1
LOCATION OF BLUE SPRING LAKE

T
i Blue Spring
Lake

LAKE FORMATION

Blue Spring Lake did not exist prior to about 1928.
There was no dam and only a large spring was
present on the present site of the lake. In the late
1800’s, this mineral spring and others in the Palmyra
area were well known for their good taste and
therapeutic value.!  About 1928, a Milwaukee
industrialist, Kurt Froedtert, purchased all the land
around the spring, built the dam which flooded the
surrounding low lands and formed the lake. Fish,
including sturgeon, were stocked in the lake, trees
and shrubs planted along shore, and a few exclusive
homes built for Froedtert and his friends.

In 1948, all the property surrounding the lake was
sold to a development company which divided the
land into 240 parcels, 161 of which were along shore
and 79 off-shore. In 1949, 83 property owners
agreed to form the Blue Spring Lake Association
under Chapter 180 of Wisconsin Statutes for the
purpose of “maintaining, improving, policing, and
preserving properties for members’ use and
enjoyment.” In 1950, a committee was formed to
take charge of weed cutting on the lake.

PHYSICAL PROPERTIES

Table 2-1 lists physical characteristics of Blue
Spring Lake and its watershed. Figure 2-3 presents a
bathymetric mapping of the lake done in the early
1950’s. The lake receives most of its water from
springs and very little from surface streams; it is
classified as a ground water drainage lake. Only one
surface stream enters the lake at its northeast comer.
The stream passes through a 30 acre marsh
immediately before entering the lake.

' R.A.Barton, Blue Spring Lake - Eighth Wonder of the World,
Palmyra Historical Society, 1 992.
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Fig. 2-2

TOPOGRAPHIC MAP OF BLUE SPRING LAKE AREA
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The lake’s water level is very constant and is
controlled by a dam on the lake’s west end. A stack
of 2x4 boards placed at the top of the dam regulate
the water level. Boards are removed in the fall to
lower the level by about 4.5-inches, which helps
protect the lakeshore from ice damage; the boards
are replaced again in the spring. Lake elevation 1is
reported as 812.5 feet MSL USGS 2

Few locations exist around the lake that channelize
storm water runoff toward the lake. One drainage

2C. Amundsen, DNR Letter to Blue Spring Lake Association,
May 6, 1983.
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ditch on the southwest side of the lake (at the west
side of W1466 South Shore Drive in Figure 2-4)
drains a low area to the lake; however, this ditch is
usually dry except during the spring thaw and after
very heavy rains, and even then the flows are
estimated at less than 40 gpm. Two storm water
sewers are known on the lake road, one on the north
shore road at W1267 and one on the south shore
road at W1322. They are believed to carry water
directly to the lake, but this and their capacities
during rain storms remain to be measured.




PHYSICAL PROPERTIES OF BLUE SPRING LAKE AND ITS WATERSHED

Table 2-1

LAKE
Surface Area 137 acre 1
Maximum Length 0.80 mile 2
Maximum Width 0.39 mile 2
Shorelength 2.42 mile 2
Maximum Depth 12 feet ’ 1
Mean Depth 7 feet Bathymetric map estimat
Volume 41,800,000 f° "~ Calculated
Type Ground Water Drainage 3
Spring 4
WATERSHED
Surface Area 878 acre This Study
Watershed/Lake Ratio |6.4 This Study

1 - Congdon, J. C., DNR Environmental Impact Assessment, "Chemical Rehabilitation of
Fish Population, Biue Spring Lake,” June 14, 1976.

2 — USGS, 7.5 Minute Series Map, 1971 photorevision.

3 - Shaw, B., "Understanding Lake Data,” UWEX Report G3582, 1993.

4 — "Wisconsin Lakes,"” WDNR Publication, Publ—FM —3800 91, Madison, W1, 1991.

Fig. 2-3

BLUE SPRING LAKE BATHYMETRIC MAP
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Fig. 2-4
SOILS AND LOT MAP FOR BLUE SPRING LAKE AREA
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WATERSHED SOILS

Soils in the Blue Spring Lake watershed are
classified as Rodman-Moundville-Casco which
describe soils that are “excessively drained to
moderately well drained, nearly level to very steep,
that have a loamy or sandy subsoil and are underlain
by sand or sand and gravel.”® Water infiltrates
these soils very rapidly and the potential for surface
runoff is low. These soils are considered poorly

3U.S. Department of Agriculture, Soil Conservation Service,
Soil Survey of Jefferson County, 1979.
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suited for on site waste disposal systems because the
very rapid infiltration of polluted waters through the
soils could contaminate ground drinking water.

Figure 2-4 shows soil types in the immediate vicinity
of the lake and also shows the location of
homeowner properties. The hydrologic charac-
teristics of these soils, which explain how they
respond to rainfall, are described in Table 2-2. Soils
are grouped from A, which have high water
infiltration rates and low run-off potential, to Group
D, which have very slow infiltration rates and a high
potential for surface run-off. The soils around Blue
Spring Lake take up water quite rapidly with about



90.% 1n the A and B Groups. An examination of the will rapidly take up polluted surface waters, and
spll§ m tbe lake’s entire watershed showed a filter and absorb nutrients/pollutants, rather than
similarly high percentage of well drained soils. This allowing this water to channelize and run off into the
feature bodes well for Blue Spring Lake as the soils lake.

Table 2-2

HYDROLOGIC CHARACTERISTICS OF BLUE SPRING LAKE SHORELAND SOILS

s Groi gase e i o S ishomiand
T High infiltration rates
CtC Well drained and excessively
CtB A drained sandy or gravelly soils 61%
WA High rate of water transmission
Low surface runoff potential
CrD2 A/B Approximately 60/40 mixture of 20%
CrE A/B soils
Moderate infiltration rates
SoB, SoC2 Moderately well drained
KdA, TuB B Moderately coarse textures 9%
ShB, BpB Moderate rate of water transmission
Slight surface runoff potential
Slow infiltration rates
Fine textures or layers that impede
HeB C downward movement of water 6%
YaA Slow rate of water transmission
Moderate surface runoff potential
Very low infiltration rates
Clay soils; soils with high permanent
Ad D water table; shallow soils over 4%
impervious substrates
Very slow rate of water transmission
High surface runoff potential

* _ Shoreland is land within 1000 feet of the lake shore.
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Table 2-3
LAND USE IN THE BLUE SPRING LAKE WATERSHED

tEa s el B
Agriculture 21|
Residential — Medium Density (2—6 res/ac) 120 14
Residential — Low Density (<2 res/ac) 63 7))
Institutional 8 1
Wetland 33 4
Woodland 245 28
Open 83 9
Other 1 0
Lake Surface 137 16
Total 878 100

LAND USES

Woodward-Clyde Consultants were contracted to
determine the watershed boundaries and the various
land uses by analyzing aerial photographs, USGS
topographic maps, a subdivision lot map, and by
field inspection. Figure 2-5 presents their mapping
of watershed land uses while Table 2-3 shows the
percent distributions found.

Land immediately adjacent to the lake is completely
developed with both seasonal and full time, single
family, residents on primarily 65-foot lake
frontages. Within this shoreland zone (defined as
1000 feet from water’s edge) there are 152 riparian
residences and an additional 46 off-shore residences.
About 40% of the residences are occupied year-
round; the rest are used only seasonally, on
weekends and holidays. There are no commercial
operations within the shoreland zone.

16

During 1990, all residences were hooked up to a
central collection sanitary system.  Since the
installation of sewers, an increase has occurred in
new construction on empty off-shore lots as well as
remodelling/additions on riparian lots. Little control
has been exercised toward preventing soil erosion
from these construction sites. Silt fences, for
example, have rarely been used.

Essentially all residential properties in the shoreland
zone have lawns. In a 1995 survey, about one-third
of the responding residents indicated they use lawn
fertilizer on their property each year.*

About 25% of the watershed land area is in
agricultural use, primarily com. Some of these
farms include livestock operations. Drainage from
all the agricultural operations is buffered from the

" lake by the wetland marsh. Most of the watershed

land (44%) is in woodlands and open grassland.

“W. von Rohr, “Homeowner Survey Results, " Blue Spring
Lake Ecology Committee Newsletter, Spring 1995.
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LAKE USE

The lake is used most by homeowners living around
the lake. There are six public accesses to the lake,
one being a paved boat ramp, the other five being
fifty-foot wide walk-ins. Surveys of homeowners in
1993 and 1995 indicate that their most important
use of the lake is equally split between lake
aesthetics and boating/skiing.’ While lake
aesthetics is most often rated as the highest use of
Wisconsin lakes, the high rating for boating/skiing
highlights the importance of this recreational activity
on Blue Spring Lake. The surveys showed that
about 100 power boats reside on the lake with
engines averaging 119 horsepower in 1992 and 144
horsepower in 1995. The lake experiences other
recreational boating activities including pontoon
boats, fishing boats, jet skis, sail boats, and paddle
boats. Counting all vessels, homeowners cited over
450 boats on the lake in both survey years.

The lake community has accommodated these varied
interests and heavy recreational use by regulating
no-wake hours and requiring only counter-clockwise
power boat travel. On most days, power boating
and skiing are allowed between the hours of 10 a.m.
and 4 p.m. At all other times, a no-wake rule is in
effect which provides quality time for the more quiet
uses of the lake.

FISHERY

From 1965 to 1979, Blue Spring Lake was infested
with carp.’ In 1965 the first reference to carp being
in the lake was recorded, but by 1977, the large carp
population stirred up so much bottom sediments as
to reduce water clarity to less than 2.5 feet and to
eliminate all vegetation at depths greater than 4
feet.” In September 1979, the DNR poisoned the

3 G. Wood, “Survey Statistics”’,_Blue Spring Lake Association
Newsletter, March 1993; W. von Rohr, “Homeowner
Survey Results,” Blue Spring Lake Ecology Committee
Newsletter, Spring 1995.

$G. R. Wood, History of Nuisance Weeds at Blue Spring Lake
1950-1993, Blue Spring Lake Ecology Committee Report,
January 1995.

7 J. Schmidt, Water Quality Analysis and Fisheries Assessment
of Blue Spring Lake, Marine Biochemists, Inc. (report for
the Blue Spring Lake Association), December, 1977.

entire lake with rotenone and removed 85,000
pounds of carp. The DNR restocked the lake with
fathead minnows, rainbow trout, largemouth bass,
and northern pike. The following years saw a
dramatic increase in macrophtyes (rooted aquatic
plants), probably due to the increased water clarity..

A DNR fish survey in Fall 1993 indicated Blue
Spring Lake has very high populations of bluegills
and largemouth bass, but that these fish are
somewhat stunted in size.® Northern pike are also
in the lake as well as other types of pan fish. The
stunting of fish is believed due to the high density of
macrophytes that existed in the lake in prior years.

The dense plant cover helps small fish escape
predation, increases their population, which then
stresses their food supply and results in a stunted
population. In addition, the resulting reduction in
zooplankton, which are fed upon by small fish, can
result in an increase in the zooplankton’s food
supply, algae. In 1994, in an effort to move the
fishery toward a better balance, the association
added to the lake over three hundred predator,
northern pike, 7-10-inch in length.

MACROPHYTES

Since the early 50’s, dense plant growth in the lake
has been considered a nuisance by residents because
it interfered with recreational use. “Weed” cutting
and weed harvesting have been the primary
management tools used to combat the problem, with
herbicide treatments occurring periodically ever
since 1952°. During the carp infestation years,
macrophytes were much less of a nuisance because
of the poor water clarity; however, following the
fish kill in 1979, macrophyte growth returned with a
vengeance. This was met with increased cutting and
harvesting efforts which led to the purchase in 1985
of the harvester that is in use today. This machinery
can cut a 10-foot swath at a 5-foot depth and has
800 cubic feet of storage. Since its purchase, it has
been used almost daily during the growing season by
a permanently hired operator and a crew of part-
time operators. In a typical season, over 400 loads

8D. Bush, Electrofishing Survey, DNR letter to Ted Hauf,
Feb. 10, 1994.

*G.R.Wood, History of Nuisance Weeds..., Jan 95.
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of plants are harvested and hauled to a local farm

field. A harvester load has been reportedly weighed
at five tons.

During the 80’s, Eurasian water milfoil became the
dominant plant in the lake. By Spring 1993, it was
present in over 90% of the lake and had grown
either to the surface or to within one foot of the
surface. Typical of this plant, its density was very
high which essentially excluded the presence of
native species and even reduced the density of other
exotic plants such as curly leaf pondweed.

In May 1993, a 50-foot margin near the lake shore
was treated with 24-D liquid herbicide.
Surprisingly, all the Eurasian water milfoil in the
entire lake was affected and appeared to die off.
This was very unexpected because the treated area
represented only about 10% of the entire lake’s
surface area, and the recommended herbicide dosage
for only this small area was used. For lack of
“weeds,” very little harvesting was done for the
remainder of that year at a great cost savings to
residents. Equally important, the lake was
completely open for recreational purposes. Perhaps
most important, the return of native macrophytes to
the lake followed the apparent Eurasian water
milfoil eradication.

In July 1993, the DNR conducted a macrophyte
survey over 12 transects on the lake and confirmed
the 99+% reduction in Eurasian water milfoil."°

Live, native plants were found in the survey, with
chara and naiad being most abundant; however, all
plants were at low densities because of the earlier
dominance of Eurasian water milfoil. A follow-up
survey was again done by the DNR in August of
1994, and concluded that naiad and chara had
benefitted most from the milfoil decline and had
increased their ranges and densities.'' All plant
species observed in the lake are listed in Table 2-4.

10 J Leverance, Blue Spring Lake Macrophyte Survey, Summer
1993, Wisconsin Department of Natural Resources,
Southern District, unpublished report, December 1993.

'' J.Leverance, Blue Spring Lake,_1994 Macrophyte Survey
Follow-up, Wisconsin Department of Natural Resources,
Southern District, unpublished report, 1993.
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Table 2-4
PLANTS IDENTIFIED IN BLUE SPRING LAKE, 19934

T T R T
Bushy Pondweed, Naiad | Najas Flexilis

Muskgrass Chara sp.

'Sago Potamogeton pectinatus
Waterweed Elodea canadensis
lllinois Pondweed Potamogeton illinoensis
Wild Celery Vallisneria americana

Curly—leaf Pondweed Potamogeton crispus

Eurasian water milfoil Myriophyllum spicatum

Richardson Pondweed® | Potamogeton richardsoni

Stonewart’ Nitella

Coontail” Ceratophyllum demersum
Northern water milfoil” Myriophyllum exalbescens
Duckweed’ Lemna minor

* — Observed only in 1994

Unfortunately, live stands of Eurasian water milfoil
were also found at most locations but at low
densities. Three small, but particularly dense stands
of milfoil, had been spot-treated with granular 2,4-D
in June 1994, resulting in its slow, but eventual
decline, in those areas. No negative effects of these
spot treatments were evident on the native plant
communities. Because of the greatly reduced levels
of Eurasian water milfoil, harvesting activities were
minimal in 1994, resulting in only thirteen harvester
loads compared to typical annual loads of over 400.

Significant cost savings also resulted from the
reduced need to harvest.

Current management strategy is to encourage the
development of native plant communities, which
grow slower and lower than Eurasian water milfoil.
Areas containing dispersed Eurasian water milfoil
are to be monitored to determine if they are stable
communities, while dense stands of Eurasian water
milfoil are to be treated with 2,4-D herbicide, if
permitted by the DNR. The 2,4-D herbicide is
preferred over other general, contact herbicides,
because it is specific for Eurasian water milfoil,
systemically killing this exotic plant, while not
affecting most native species.

I-Iistorical. herbicide and algaecide usage on the lake
is shown in Table 2-5.




Table 2-5
HERBICIDE AND ALGAECIDE TREATMENTS OF BLUE SPRING LAKE

RIS

.&A\.

200 ft |dth at shorellne

sodlum arsenate
sodium arsenate | 200 ft width at shoreline | copper sulfate
1954 sodium arsenate | 200 ft width at shoreline | copper sulfate
1955—1959 None

1960 None copper sulfate

1961—1980 | Various, Individuals ?
1981 Aquathol K; 2,4—D| 50 ft width at shoreline | Cutrine—Plus
1982 60 gal. "K" 75—100 ft width at shore| Cutrine—Plus
1983 12 gal. Diquat 50 ft width at shoreline | Cutrine—Plus
1984 None Yes

. 1985 None Yes
1986 Diquat ? ?
1987 Diquat ? Yes
1988 Diguat ? ?

. 1989 Diquat 25 ft width at shoreline None
1990 Diquat ? ?
1991 None None
1992 None None
1993 2,4—D 50 ft width at shoreline None
1994 2,4-D Midlake, 3 sites, 3 acres None

ALGAE

Algae blooms have been reported on the lake
periodically, but in general have not been a major
problem, except for last year, 1994. As Table 2-5
shows, no algaecides were used in the last four to
seven years. Prior to that, Cutrine-Plus was used,
but this may often have been applied to support the
effectiveness of the herbicides being applied at the
same time.

From late July to mid-September 1994, a series of
blooms occurred about once a week. Many
residents felt these were much more severe than any
blooms ever seen previously. The blooms were

mustard-yellow in color, often covered the entire

lake, and developed thick accumulations on shores.

In the fall, a sample collected with a plankton net
was qualitatively analyzed at the Center for Great
Lakes Studies and identified as microcystis
aeruginosa, a blue-green alga.'> As some strains of
blue-green algae can be toxic, it was recommended
that future blooms of this type be analyzed for the
specific strain.

12 C.Sandgren, UW-Milwaukee, personal communication,
1995,
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To understand a lake, we need to understand the
lake's water dynamics -- the sources and flow rates of
water going into and out of the lake. Averaged over
time, the sum of all flows going into a lake will equal
the sum of all flows exiting the lake. Identifying and
balancing these flows is called a water budget which
is an important part of any lake's inventory.
Knowing a lake's water budget allows calculation of
"turn-over" time, or the time necessary for inflowing
streams to completely flush the water present in the
lake. Most importantly, combining water budget
information with measurements of poliutant and
nutrient concentrations in all streams, allows
calculation of actual pollutant/nutrient loadings to the
lake. The nutrient loadings identify those streams
that lake management should focus on in order to
protect or improve the quality of the lake water.

The major streams comprising the water budget for
Blue Spring Lake are shown in Figure 3-1 and
include:

Inflows:

Fig. 3-1
WATER BUDGET COMPONENTS

RAINFALL

EVAPORATION
A

DAM
OUTL

Rain that falls directly on the lake.

Inlet flow on the northeast side of the lake that
drains the marsh. This marsh effluent drains
about 2/3 of the lakes watershed, including most
of it's agricultural and livestock operations.

Surface runoff and seepage that are not included
in the Inlet flow. This includes runoff from rain
falling in the watershed not drained by the marsh
and incorporates all riparian land.

Springs and ground water. This major flow
includes all natural springs, both in the lake and
along shore, as well as any deep ground water that
seeps into the lake.

WATER BALANCE

RAINFALL

+ DAM
INLET +
+ = EVAPORATION
SPRINGS +
+ STORAGE
RUNOFF &
SEEPAGE

SPRINGS &
GROUNDWATER

RUNOFF & SEEPAGE
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Outflows:

o Dam outflow which includes all water going over
the dam.

« Evaporation

Storage:

« Changes in lake level can result in either storage,
or depletion of stored lake water.

OBJECTIVES

The objectives of the water flow measurements were
to:

o Characterize all inflow and outflow rates and their
responses to rainfall.

o Calculate an average annual water budget
showing the percent distribution of inflows and
percent distribution of outflows.

METHODS

Stream Level Monitoring

The level of water in the lake and in the different
streams flowing into and out of the lake were
measured periodically from early March to late
November, 1994. Simple rulers were used to
determine the water levels. These measurements
were later converted to flow rates using calibration
curves (discussed below).  Measurements were
generally made two to three times per week and more
frequently during events such as heavy rainfalls.
Most measurements were ‘done early in the morning,
6-7 a.m., which was generally a time of calm in
which wind and waves did not interfere with the
readings.

Locations of all measurements are shown in Figure 3-
2. Marsh effluent entering the lake was measured at
the west end of the 30-inch diameter culvert passing
under Blue Spring Lake Drive (labeled "Marsh") and
at the 18-inch diameter "Pipe" on the lakeshore of Lot
#56A. The latter empties marsh water directly into
the lake.

Fig. 3-2
FLOW MEASUREMENT LOCATIONS

LEGEND

"Marsh" — Marsh effluent at road culvert

"Pipe” — Inlet flow thru 18" pipe

"Ramp" — Natural spring flow at boat ramp

"PSC" — Lake level at Publ. Serv. Com. benchmark
"Pier” — Lake level at Lot #95
"Weir" — Outflow at dam weir
R1 - Primary raingauge
R2 — Secondary raingauges

R2

[w]
outlet

"PSC"
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The lake level was also measured at two places.
"PSC" labeled measurements were made relative to
the Public Service Commission Benchmark 886A, a
bronze tablet on the north abutment wall of the dam.
The measurement was made with a square rule off
the abutment, at a location 3-feet east of the
benchmark. This measured the lake water level at a
position about 1-foot from the 2X4 boards that set
the dam height. Lake level was also measured from
the top surface of the "Pier" at lot 95A. A square
rule was again used and was set at the comer where
the west edge of the pier intersects the seawall.

Outflow of water over the dam was measured at a
small weir, located in a concrete channel about 100
feet downstream of the dam. These measurements
were labeled "Weir." The wooden weir boards
formed an almost square channel with the concrete
spillway which was 61.5-inches wide. The north end
of the weir was |.0-inch higher than the south end.
All measurements of water depth over the weir were
made at the same location near the mid-point of the
channel (32-1/8 inch from the south concrete wall, to
be exact).

The flow rates from the natural spring at the boat
"Ramp" were made throughout the year by measuring
the water height in the 7-1/8 inch pipe (inside
diameter) that carried the spring water to the lake.

Flow Rate Calibrations

Calibration curves were developed that enable the
linear measurements described above to be converted
to flow rates. Woodward-Clyde Consultants
developed the calibrations for the dam outflow and
the marsh water inflow by use of a pygmy current
meter. Calibration of the dam outflow was based on
three measurements, cach at a different flow rate.
The marsh inflow was based on one calibrating
measure and use of a known model relating flow rate
changes in a pipe to the water depth in the pipe.

Flow rate measurements of both the marsh effluent
and the "Ramp" spring were also made by diverting
the effluent into a plastic bag lying in the water for
measured periods of time. The volume of water
collected was then determined using calibrated pails.

This method is simple, reproducible, but very
laborious, especially for higher flow rates.

Rainfall

Figure 3-2 also shows the locations of rain gauges
used around the lake to monitor rainfall.  The
primary measurements were made by Jim O'Hemn at
Lot #47B and readings were taken there every day, at
6:00 p.m., beginning in April, 1994. Readings from
the other locations were taken much less frequently
and were averaged with Jim's measurements. For the
annual water budget, historical rainfall data was used
from the Umniversity of Wisconsin's, Soil Science
Station located in Whitewater (6 miles east of the
lake).

Evaporation Rates

Loss of water from the lake by evaporation was
based on historical, averaged evaporation flow rates
derived from "pan evaporation" measurements in
southeast Wisconsin, as reported by our consultants' .

Data Logging and Analyses

All measurements were logged into a Lotus 123
worksheet. This software was also used to analyze
the data, establish relationships and develop graphics.

RESULTS AND DISCUSSION

All measurements made in developing the water
budget are contained in Appendix I.

Calibration Curves

Figure 3-3 shows the calibration curves relating the
heights of water over the dam weir and in the inlet
pipe to flow rates. The forms of the equations
relating these variables were known from previous
studies 'and the equations were fitted to the
calibration data points. The pygmy meter

! Woodward-Clyde Consultants, 1995, Blue Spring Lake:
Water Budget and Nutrient Budget, Prepared for the Blue
Spring Lake Sanitary district, March 1995.
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Fig. 3-3
CALIBRATION CURVES AT DAM WEIR AND INLET PIPE
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measurements for the calibrations are given in
Appendix II.

Water bagging flow measurements at the inlet
showed good agreement with the pygmy meter
calibration. On April 17, with water level in the
"Pipe" at 2.25 inch, 94 quarts of effluent were
collected in 10 seconds. A repeat measurement
bagged 49 quarts in 5 seconds. These gave an
average flow rate of 0.32 cfs which is plotted in
Figure 3-3 and is in good agreement with the
calibration curve.

Flow Rate Responses to Rainfall

Detailed analysis of flow rates and their responses to
rainfall were made for the period May 1 to
September 27, 1994. This period was selected
because measurements made before May 1 may have
been affected by the raising of the dam height, which
occurred on April 17, while measurements in October
were often affected by fall leaves collecting at the
dam and confounding both lake level and dam
outflow measurements.

Figure 3-4 shows how rainfall, inlet, and dam outlet
flows varied during the detailed analysis period. As
expected, the inlet flow and dam outflow showed
good correspondence with rainfall. These flow rates
increased after a rainfall and, the more rain that fell,
the greater the increase in flow rate.

The rainfall plots in Figure 3-4 are based on daily
measurements. Other flows were measured less
frequently, however, the rainfall data allowed daily
estimates to be made of water levels in the lake, inlet
pipe, and over the dam weir. When there was no
rain, these levels always decayed, whereas a rainfall
always resulted in an increase in level. Estimates for
the rates of decay and level increases were calculated
based on occasions when actual measurements of
these changes were made. The results of this
treatment are presented in Appendix III.  After
converting the water level changes to flow rates using
the calibration curves previously described, the data
was plotted as shown in Figure 3-4. Both the
measured and the "deduced” data given in Appendix
III were used to make the plots, but only the

"measured” data points are represented by symbols in
the figures.

Figure 3-5 shows more clearly how flow rates change
with rainfall. These plots have been smoothed by
using a three day trailing average of daily flow rates.

Three day averaging makes it easier to distinguish
periods of rain and periods of drought and to see their
effects on flow rates. All flow rates were plotted on
the same scale which highlights the relative
contributions of each stream to the lake's total water
supply. Note how small the inlet flow is compared to
the outflow over the dam.

The plots in Figure 3-5 show that rainfalls added
large volumes of water to the lake in short periods of
time. The lake level responded immediately to these
additions by rising. The dam outflow also increased
rapidly and, over the following few days, drained the
excess volume. After very heavy rains, such as on
August 3-4 when almost 3 inches of rain fell, the lake
level did increase as expected, but by not more than
2.5 inches. This relative stability of lake level shows
the effectiveness of the dam to release excess water,
but also indicates a low surface runoff of rainwater
from the watershed.

The inlet flow also increased with rainfalls, but the
total volumes here were quite small. During very dry
periods, such as most of June, the inlet flow totally
ceased and portions of the marsh and inlet went

completely dry.

Runoff/seepage flows, also plotted in Figure 3-5,
were not measured but were calculated as the
difference between all outflows and all inflows.

Surface runoff is rainwater that accumulates at the
soil surface and runs off directly into the lake;
seepage flow, as used here, represents rainwater that
infiltrated the ground and eventually flowed into the
lake from below the lake bottom. While it is
desirable to separate these flows because surface
runoff can carry much more nutrient to the water
than seepage flow, it 1is very difficut to
experimentally measure them separately. Figure 3-5
shows the sum of these flows, runoff + seepage,
correlated well to rainfall events. Note the peak flow
rates of runoff/seepage trailed the rainfall peaks.
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Fig. 3-4

WATER FLOW RATES ON BLUE SPRING LAKE
MAY 1 TO SEPTEMBER 27, 1994
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Fig. 3-5

THREE-DAY AVERAGED FLOW RATES
MAY 1 TO SEPTEMBER 27, 1994
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This time lag probably indicates the seepage portion
of the combined flows predominates because more
time would be require for these waters to permeate
the soils and eventually reach the lake as compared to
a relatively fast surface runoff.

Evaporative Flow

A significant amount of water is lost from the lake
through evaporation. Estimates of this "flow" were
based on pan evaporation rates for southeast
Wisconsin. Monthly evaporation rates are shown in
Table 3-1, along with average monthly rainfall. The
average annual evaporation loss from the lake
surface amounts to 29.4 inches of water and, typical
for southern Wisconsin, this water loss is close to the
average water gain due to rainfall, 32.4 inches. A
more refined water budget and rainfall response
assessment could be calculated if actual daily
evaporative flows were used rather than historical
monthly averages. However, these were not available
at the time of data analysis.

Table 3-1
AVERAGE MONTHLY EVAPORATION AND RAINFALL

January .
February 0.75 0.15 1.00 0.20
March 1.25 0.23 2.19 0.41
April 2.49 0.48 3.11 0.60
May 4.48 0.83 3.12 0.58
June 3.74 0.72 3.62 0.69
July 3.99 0.74 4,02 0.75
|August 3.86 0.72 3.86 0.72
September 2.99 0.57 3.80 0.73
October 3.11 0.58 2.57 0.48
November 1.49 0.29 2.38 0.46
December 0.75 0.14 1.66 0.31
[ Totals 29.40 046 32.44 0.51

Notes

1 — SE Wis. averages reported by Woodward — Clyde Consuit.

2 - 1961-1990 average for UW Soil Science Station in
Whitewater, WI.
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Springs and Ground Water Flow

Most ground water probably enters the lake at the
main spring in the center of the lake. However,
springs near shore, particularly along the southeast
shore, also contribute significant flows. These
relative flows are apparent by the fact ice seldom
forms directly over the main spring except in the
coldest of winters and that the southeast shorelines
are the first additional areas to become ice free in
early spring. Further support for this comes from
Woodward-Clyde Consultant's examination of the
water table in the Blue Spring Lake area as shown in
Figure 3-6. The water level of the lake surface is at
812 feet and the figure shows much higher water
levels to the south and east of the lake and lower
levels to the north and west. Based on this, the
ground water should flow from the southeast to the
northwest. The consultants believe the primary
recharge area for the large springs in the lake is the
hilly area south of the lake as opposed to the
relatively flat areas north of the lake. Because there
are also springs on the north and west ends of the
lake, it is probable that essentially all ground water
flows into the lake and very little outflow seepage
occurs.

The net flow rate of spring water into the lake was
estimated to be a constant 3.59 cfs. This was
calculated by noting the dam outflow at the end of
four different dry periods. During these periods,
which ended on June 4, June 10, July 31, and
September 21, no significant rainfall had occurred for
some time, the inlet flow was zero, and portions of
the inlet and marsh were dry. Because of the
dryness, the runoff/seepage flow was also assumed to
be zero. Under these conditions and assumptions, the
flow rates from all natural springs was equivalent to
the flow over the dam less evaporative flow. Taking
evaporative flow rates from Table 3-1, the calculated
spring flow rates were fairly constant for these
different dates, ranging from 3.40 to 3.72 cfs and
averaging 3.59 cfs.

Another indication of the constancy of the flow rate
of natural spring waters is the behavior of the smaller
springs surrounding the lake shore. These are

_observed to run year around, just as the water

flowing over the dam, and, at least qualitatively,



Fig. 3-6
GROUNDWATER FLOW DIRECTION NEAR BLUE SPRING LAKE
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appear to flow at a constant rate. Measurements on
one of these springs, located at the boat ramp, was
made throughout the 1994 year. The depth of water
in the pipe carrying this spring was measured over
the nine month period from March to December and
the level seldom varied by more than 10% (see
Appendix I).

Long Term Changes

The outflow at the dam was measured by the DNR in
July, 1970 using a single measurement with a pygmy
current meter. The flow was 2.4 cfs which is lower
than the lowest rate observed in this study of about
2.8 cfs during very dry periods. It is not known
whether it was a rainy or dry period during the 1970
measurement, but the comparison gives little
indication that the lake's springs are going dry.

Water Budgets

May through September: Flow rates for the 149 day
detailed analysis period (May | to September 27)
were converted to cumulative volumes for each day
of the period and are presented in Appendix IV. The

cumulative volumes are expressed in units of "Lake-
inches" (L-inch), and represent the volume of water
that could cover Blue Spring Lake with one inch of
water. It is hoped this unit of measure is easier for
the reader to visualize and associate with our lake
than the more common units of gallons or acre-feet.
For example, when two inches of rain fall, the
volume of water added directly to the lake is 2 L-
inch. Also, knowing the mean depth of the lake is 6
feet (72 inches), we then know the total volume of
water in the lake is 72 L-inch.

A summary water budget was calculated for the May
to September period using the cumulative volumes of
Appendix IV. The results, Table 3-2, show that for
this period 85% of the water leaving the lake went
over the dam, while 15% left by evaporation. They
also show 70% of the inflowing water came from the
ground (springs), 15% from direct rainfall, and 3%
from marsh effluent. After accounting for the small
change in lake storage over the period (.27 L-inch),
an additional 13%, or 17 L-inches, of inflowing
water was required in order to balance the sum of all
outflows with the sum of all inflows. This additional
inflow was attributed to runoff/seepage.

Table 3-2
SUMMARY WATER BUDGET FOR MAY 1 TO SEPTEMBER 27, 1994

Inflows
Springs 92.9 4.36 3.59 69%
Rainfall 19.9 0.93 0.77 15%
Marsh Drainage 4.1 0.19 0.16 3%
Runoff/Seepage 17.3 0.81 0.67 13%
Total Inflow 134.2 6.30 5.19 100%
Outflows
Dam Outlet 115.9 5.44 4.48 86%
Evaporation 18.6 0.87 0.72 14%
Storage -0.3 —0.01 —0.01 -0%
Total Outflow 134.2 6.30 5.19 100%
Notes

* — Volume of water added to, or removed from lake during 149 day period
from May 1 to September 27, 1994.

30




